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PREPARATION  OF  THE  CHROMIUM  CARBIDES  Cr_C-  and  Cr-.,C 

7  3  23 


M.  Kh.  Freyd  and  V.  A.  Suprunov 
(Ivanovo  Chemlcotechnologlcal  Institute) 

Chromium  carbides  are  high-melting,  hard,  and  noncorroding 
substances  [1-3]  whose  presence  and  distribution  in  chrome  -nickel  steels 
is  connected  in  a  group  of  works  [4-7]  to  the  onset  of  a  tendency  to 
intercrystalline  corrosion. 

To  study  the  electrochemical  and  corrosion  properties  of  the 
carbide  phases  of  chromium  it  is  necessary  to  prepare  them  in  a  single¬ 
phase  condition;  this  process  was  studied  in  detail  In  works  [8-10]. 

This  work  presents  a  refinement  of  the  technological  processes  for 
preparing  chromium  carbides  by  reducing  chromium  oxides  with  carbon  and 
tv  direct  synthesis  of  chromium  and  carbon  in  industrial  hydrogen 
furr.-. .-»?  . 


Experimental  Part 

Cnromium  carbide  Cr^C^  was  produced  according  to  the  reaction 
7Cr20  +  ?7C  ►  2CryC3  +  ?im. 

Cnromium  oxide  (GOST  [All-Union  State  Standard]  2012-54)  and  lamp 
clack  (GOST  7885-50),  first  roasted  at  800°  and  40C°C  respectively  for 
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two  hours,  were  screened  to  a  fraction  not  larger  than  25  pm.  An 

adjustment  to  the  composition  of  the  charge  was  inserted  according  to 

data  in  [11].  The  charge  was  mixed  in  mechanical  rollers  with  addition 

of  a  solution  of  dextrin  calculated  as  5  g  to  100  g  of  the  charge.  The 

charge  was  dried  at  110°C  for  six  hours  and  was  pressed  into  briquettes 
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25  x  20  mm  in  size  at  a  pressure  of  300  kg/cm  ;  the  charge  was  again 
dried  for  two  hours  at  110°C  and  was  subjected  to  carb idi zation .  The 
results  are  presented  in  Table  1.  The  briquettes  were  heated  in  TsEP-356 
industrial  hydrogen  furnaces  in  a  stream  of  purified  and  dried  hydrogen 
and  were  maintained  at  a  given  temperature  for  one  hour  and  then  were 
cooled  to  room  temperature  in  the  furnace  cooler.  The  obtained  product 
was  ground  and  subjected  to  a  second  roasting  for  15  minutes  at  a  given 
temperature.  The  prepared  product  was  analyzed  for  the  total  content 
of  carbon  [11]  and  for  free  carbon  [12].  Bound  carbon  was  determined 
by  the  formula 
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The  chromium  content  was  determined  by  the  persulfate-silver  method 
[11].  Through  X-ray  structural  analysis  (Table  A)  it  was  established 
that  of  the  four  groups  of  carbides,  only  the  third  consists  of  single¬ 
phase  structures.  The  carbides  obtained  at  temperatures  higher  than 
the  optimum  (1300°C)  contain  Cr^C2  carbides  as  admixtures,  and  carbides 

obtained  at  lower  temperatures  contain  the  lower  carbide  Cr.. _C-  and 
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underreduced  chromium  oxide.  Table  1  presents  the  ratio  of  the  product, 
weignt  after'  reaction  A  tc  th  calculated  weight  of  the  carbide  1,  by 
wn  1  ci.  i*.  is  possible  tc  j  .ugr  th-.  completeness  of  the  reaction. 


For  carbide  groups  3  ana  h ,  for  wr.ich  the  ratio  A/B  is  close  to 

the  ineoreti cal  ,  the  content  of  C„  is  insignificant  and  the  amount 

free 

of  Z.  ,  is  close  to  the  stoichiometric  composition.  Tic.  optimum,  val.j". 
t  j  o  u 

of  tnesc  indicators  appear  in  carbides  of  the  third  group. 

The  •an.  ide  Cr  is  deriv’d  according  to  the  react  Ion 

. 1  ■*  Cr  '  . 


Previously  prepared  electrolytic  enromium  mixed  with  lamp  black  was 
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pressed  into  10  *  10  mm  uriquettes  at  a  pressure  of  200  kg/cm  and  was 
subjected  to  carbidization  at  different  temperatures  (see  Table  2). 

The  rise  in  temperature  from  1000°C  to  the  starting  point  was 
accomplished  in  15  minutes  and  at  the  given  temperature  aging  was 
accomplished  for  the  same  amount  of  time.  From  a  charge  of  the  same 
composition  containing  20%  less  carbon  than  calculated,  5  groups  of 
Cr-j^C-  carbide  were  obtained.  X-ray  structural  analysis  fixed  a 
single-phase  structure  in  only  the  fourth  group.  In  the  remaining 
groups  several  carbide  phases  were  detected.  This  is  explained  by  the 
fact  that  the  area  where  Cr^C^  carbides  exist  is  substantially  wider 
tr.an  that  for  Crg^Cg.  The  free  energy  of  formation  of  Cr^C^  is  2.5 
times  higher  than  for  carbide  (see  the  figure)  [13];  at 

temperatures  lower  or  higher  than  the  optimum  (1400°C),  the  reaction 
of  Cr7C5  formation  suppresses  the  Crg^Cg  reaction. 

Figure.  Change  in  the  free  energy 
of  formation  AF  of  the  carbides 

Cr00C£  (1)  and  Cr_C_  (2)  as  a 
23  b  7  3 

function  of  carbidization  temper¬ 
ature  . 


The  ratio  A/B  (see  Table  2)  changes  little  in  the  1200-1500°C  range 

and  It  approaches  unity  as  the  quantity  of  Cr-.-,C,  carbide  in  the 
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product  increases. 

The  content  of  carbon  in  carbides  obtained  at  1200-1350°C  is  greater 
tnan  t:ie  stoichiometric,  since  the  product  contains  mixtures  of  carbides 
wnicn  are  enricned  with  carbon  as  compared  to  Cr^Cg  carbide.  As  the 
temperature  of  carbide  syntnesis  is  increased  up  to  the  optimum  the 
content  of  bound  carbon  decreases  and  at  the  optimum  temperature 
(1A00°C)  rsacnes  its  minimum,  which  corresponds  to  the  stoichiometric 
composition  of  the  Cr,,  carbide. 

An  increase  in  the  sintering  temperature  leads  anew  to  an  increase 
in  r:i"  amount  of  bound  carbon,  in  connection  with  t 
nig.ner  carbides . 
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Conclusions 


1.  A  two-stage  process  is  proposed  for  obtaining  the  single-phase 
carbide  Cr^C,  by  reducing  chromium  oxide  with  lamp  black  in  a  TsEP-356 
industrial  hydrogen  furnace.  It  consists  of  heating  the  charge  in  an 
atmosphere  of  hydrogen  to  1300°C  for  15  minutes,  maintaining  it  at  that 
temperature  for  one  hour,  cooling  the  product  to  room  temperature  with 
subsequent  crushing  and  supplementary  heating  in  a  hydrogen  atmosphere 
for  20  minutes. 

2.  The  single-phase  carbide  close  in  stoichiometric 

composition  to  the  calculated,  may  be  obtained  in  a  stream  of  hydrogen 
by  synthesis  of  metallic  chromium  and  lamp  black  at  1400°C;  the  time  of 
the  temperature  rise  to  1400°C  is  15  minutes  and  holding  at  the  optimum 
temperature  is  for  the  same  length  of  time. 
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The  study  of  preparation  techniques  of  given  chromium  carbides 
was  needed  to  obtain  single  phase  carbides  for  determination  of 
electrochemical  and  corrosion  characteristics.  Intercrystalline 
corrosion  in  Ni-Cr  steel  was  correlated  with  the  presence  of 
these  chromium  carbides.  The  effect  of  temperature  in  the  1100- 
1500  degree  centigrade  range  was  studied  on  the  composition  of 
ivon  products,  A  given  single  phase  was  obtained  by  reaction 
ir.  ".wo  steps:  first,  heating  at  1300  degrees  centigrade  a  bri¬ 
quetted  mixture  of  given  chromium  carbides  and  lamp  black  in  a 
hydrogen  stream  for  1  hr.,  then  heating  the  cooled  and  pulverised 
charge  again  for  an  additional  20  min.  under  identical  conditions. 
At  a  temperature  lower  than  the  optimum  the  product  contained 
given  chromium  carbides;  at  a  higher  temperature,  it  contained 
given  chromium  carbides  impurity.  The  single  phase  nearly 
stoichiometric  chromium  carbides  given  was  prepared  by  on  heating 
at  1400  degrees  centigrade  a  briquetted  charge  of  electrolytic 
chromium  and  lamp  black  in  a  hydrogen  stream  for  1 £  min.  Twc 
given  mixtures  were  produced  at  a  temperature  below  or  above 
1-00  degrees  centigrade  respectively,...  Both  reactions  were 
carried  out  in  an  industrial  hyurogen  furnace.  Orig.  ar'.  has: 

1  figure,  2  tables,  and  3  formulas.  [APOOlOlPh] 
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